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TOOTH/MIR160A regulates leaf margin outgrowth in Arabidopsis thaliana 
Unlike animals, a striking aspect of the plant development is that they have evolved a flexible 
pattern of post embryonic development. This exposes them to the challenges of many biotic 
and abiotic signals throughout their life. So, plants have to evolve/regulate various 
mechanisms to modulate their growth and development for accomplishing a successful life 
cycle in the prevailing environmental conditions.  
Auxin is involved in the initiation of lateral organs at the meristem and serration development 
along the leaf margin (Bilsborough et al., 2011, Hay et al., 2006). These two developmental 
mechanisms share common molecular players. For example, CUC2 is required for the 
boundary formation at the SAM and also is shown to be essential for serration formation at 
the leaf margin. Similarly, tth shows increased leaf serration phenotype as well as defects in 
the positioning of flowers at the meristem. This demonstrates the functional significance of 
TTH-regulated ARFs in controlling auxin mediated developmental pathways. 
Leaves originate as small lumps of undifferentiated cells at the flanks of the shoot apical 
meristem which undergo several rounds division and expansion to generate the mature leaf 
with characteristic size, shape and leaf margin. Both, endogenous as well as environmental 
factors modulate the growth and development of a leaf. This is evident from the plasticity in 
leaf form, observed during the life time of a single plant, as well as from the diversity among 
closely related species living in different habitats. It is well known that pathways controlling 
leaf form are subjected to the effects of selection and adaptation.  Leaf margin is a key feature 
of the final leaf shape and it contributes to the abundant diversity in leaf form. Leaf margin 
architecture varies quite significantly from smooth or entire margin to margins with large 
outgrowths (lobed margins). The evolution and ecological advantages of this diversity is a 
subject of intense investigation. It also provides a wonderful system to study the mechanistic 
details of iterative generation of repeated units, which is a common feature in producing 
many biological shapes. 
Recent advances in molecular technologies and the availability of genomic resources ushered 
the identification of new factors involved in leaf margin development. Our current knowledge 
of this developmental programme is that CUC2 establishes auxin maxima at the leaf margin 
by reorienting an auxin efflux carrier PIN1 which ultimately results in serration outgrowth 
(Bilsborough et al., 2011, Hay et al., 2006). A few missing links in this pathway are the 
mechanistic details of CUC2 function in reorienting PIN1 and the molecular details of auxin 
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mediated serration outgrowth. Forward genetic screens have been valuable in characterizing a 
genetic pathway even in the post genomic era. An EMS mutagenesis screen was performed in 
this context to identify novel factors that can improve our understanding of this intricate 
mechanism. 
tooth was identified in the M2 population based on its increased leaf serration phenotype. 
Genetic analysis showed that tth phenotype is due to a monogenic recessive mutation. Along 
with increased leaf serration, tth also shows various developmental defects such as aberrant 
phyllotaxy, narrower cotyledons and narrower leaves. Positional cloning and sequencing 
analysis showed a G to A transition at the AT2G39175 locus which codes for MIR160A. The 
mutation is at the 7
th
 base position of the mature miRNA sequence. Functional 
characterization of miRNAs by isolating mutations is hampered by their small genomic sizes. 
Till now, only a few miRNAs have been characterized by mutational analysis in plants (Allen 
et al., 2007, Baker et al., 2005, Cartolano et al., 2007, Chuck et al., 2007, Knauer et al., 2013, 
Nag et al., 2009, Nikovics et al., 2006). miR160-ARF10 regulatory module is shown to be 
required for leaf blade out growth and serration, but not leaf complexity in tomato 
(Hendelman et al., 2012). miR160 is coded by 3 loci in  Arabidopsis, MIR160A, B and C. All 
three loci encode identical mature miRNA that targets 3 Auxin response factors, ARF10, 16 
and 17. ARFs are the effector molecules of auxin mediated developmental programmes. 
Genetic analysis showed that enhanced serration outgrowth in tth is due to the up-regulation 
of its target genes. Here, we have identified a miRNA that negatively regulates serration 
outgrowth by repressing ARF10, 16 and 17 whose functional significance in regulating leaf 
margin development was not known previously.  
Extensive genetic interaction studies have shown that TTH acts in parallel to SAW-BP and 
MIR164-CUC pathways in regulating leaf margin development. We have also shown that 
CUC2 and PIN1 are absolutely essential for serration development in tth. CUC2 establishes a 
pattern required for the expression of ARF10 at the leaf margin. In the absence of CUC2, 
downstream effector molecules such as ARFs can not perform their function. arf10-2 arf16-2 
could reduce, but not suppress serration outgrowth in various mutants suggesting their 
functional redundancy with other ARF family members.  
CUC2 establishes auxin maxima at the leaf margin that triggers the degradation of AUX/IAA 
repressors thereby relieving ARF proteins which mediate serration outgrowth. Whereas, TTH 
acts at the post transcriptional level for maintaining normal ARF transcript levels  
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Role of SPYINDLY in Arabidopsis leaf margin development 
SPYNDLY encodes an O-linked N-acetyl glucosamine transferase that acts as a negative 
regulator of GA response. Consistent with its role in GA response, spy mutants show several 
GA dependent phenotypes such as early flowering and hyper branched trichomes. spy 
mutants also show several GA independent phenotypes  such as aberrant phyllotaxy and 
smooth leaf margin. We have studied its role in regulating Arabidopsis leaf serration 
development. Reporter analysis of ARF10::GUS and CUC2::GUS in spy-3 revealed that SPY 
is not involved in establishing serration pattern. The spy-3 leaves did not show any defects 
during the early stages of serration development, but the mature leaves display smooth leaf 
margin indicating that SPY function is required for serration outgrowth. As shown in the 
present study, TTH regulated ARFs are also involved in serration outgrowth. Analysis of leaf 
margin phenotype in tth spy-3 showed that SPY activity is not required for ARF mediated 
serration outgrowth. Similar genetic interaction studies with SAW-BP pathway mutants 
showed that leaf margin out growth mediated by meristematic genes is not dependent on SPY 
function. 
Genetic interaction studies with MIR164-CUC pathway genes showed that SPY is required 
for serration outgrowth in these mutants. Interestingly, the cuc2-3 mutant is defective at both 
patterning and outgrowth of serration. The spy-3 could suppress serration out growth in cuc2-
D suggesting that CUC2 mediated serration out growth is dependent on SPY activity. 
Protein-protein interaction studies between SPY and CUC2 are in progress to demonstrate 
whether SPY directly interacts with CUC2 or CUC2 derived signal to regulate serration out 
outgrowth. It is interesting to examine how mutations at SPY locus can abolish serration out 
growth mediated by CUC2, but does not affect the serration pattern, even though CUC2 is 
reported to be essential for both the patterning and outgrowth of serration. 
 
 
 
 
 
 
 
